Introduction
Ultrasonographic appearance of the prostate
Ultrasonics is a branch of acoustics that deals with the There is no accepted standard for topographical relationstudy of sound waves with frequencies above those ships in prostate imaging. The prostate is best considered within the range of hearing of the average person [1] , as a fusion of different glandular regions contained During World War II, the principles of ultrasonics were within a discontinuous capsule [7] . McNeal first proposed used to develop SONAR (SOund Navigation And that there were different zones of the prostate gland; the Ranging). It was mainly as a result of this application transition zone, the peripheral zone and the central zone that special attention was paid to the further develop- [8] . In young men, the normal inner prostate generally ment of this technology. Ultrasonography in urology has low echogenicity compared with the outer gland. As was first applied to the kidneys and bladder in the 19 5Os the transition zone enlarges, a distinct demarcation but there was then no general acceptance because the between these regions becomes clear. The transition zone image quality was poor [2] . However, during the last 25 years, a rapid development in ultrasonography has been produces a hypoechoic image compared with the gener ally isoechoic peripheral zone. With increasing enlargeachieved by the introduction of gray-scale and real-time ment, the transition zone can compress the central and scanning. Moreover, intracavity scanning, e.g. TRUS, peripheral zones. The margin separating the hyperplasia has substantially increased the potential value of ultrafrom the peripheral zone is considered to be the surgical sound in urology.
capsule. Hyperplasia can allow further visualization of TRUS of the prostate is a rapidly advancing modality multiple adenomas, or even capsular bulging, but never with growing acceptance and importance for diagnosis capsular infiltration [9] . and management of prostatic diseases. Since its clinical BPE, other prostatic can also be application in 1971 by Watanabe [3] , TRUS has now visualized. The use of TRUS to detect prostatic cancer developed into a sophisticated technology, Early in the was first described by King et al [4] among others. In history of TRUS, bistable 3-MHz transverse images early prostatic ultrasonography, using low-frequency provided information only about prostate size and shape probes, it was suggested that prostate cancer was densely [4] . In the late 1970s and early 1980s, gray-scale eehogenic or hyperechoic [4, 10] . Through the 1980s, longitudinal and transverse scanners were introduced higher frequency probes, combined with gray-scale imag-[5]. It was not until then that the visualization of the ing, markedly improved the imaging of the prostate and internal architecture of the prostate became possible the intraprostatic anatomy could be defined reproducibly. and two zones were identified; the transition zone and
It is now generally accepted that prostatic cancer can the external zone. In 198 5, studies were carried out have echographic variability and is influenced by tumour with 5 MHz probes scanning in both the transverse and grade, stage, size and location. Shinohara el al compared longitudinal planes. Recent advances in electronic realthe ultrasonographic appearance with histological findapproxinic 60-75% of time ultrasonography have significantly improved ings and dynamic imaging. In 1986, 7 MHz probes were introprostate cancers appear hypoechoic (Fig. 1 ) However, an accurate estimate of prostate volume only seems possible transrectally. The three most commonly used methods to estimate the size of the prostate are the of planimetrie method, the use of the prostate and the ellipsoid method. The step-section planimetrie method comprises a sequential area sum mation of multiple sections of the prostate [21] . The method using three dimensions of the prostate comprises measurements of height (H), width (W) and length (,L) and the formula to calculate the volume, H x W x L x 7t/6
[22|. The ellipsoid-volume calculation is a feature avail able on some ultrasonography scanners that allows the operator to delineate the prostate contour transvcrsally at the mid-gland and then define a hypothetical axis of rotation for that area with distance markers. The volume is then calculated as 8A/37cL, where A is the area of the outlined ellipse and I determined by
It is generally accepted that the stepsection planimetry method is the most accurate [23, 24] but it is tedious, time-consuming and requires sophisti cated computer software to execute the planimetry. Therefore, the best method to estimate prostate volume is a variation of the prolate spheroid formula, using the transverse diameter as the major axis and the anteropos terior diameter as the minor axis. This formula is optimal for prostates weighing < 8 0 g; in large glands (> 8 0 g) the spherical volume formula [71/6 (transverse diameter}3 provides the best estimate of prostate weight [22] . The use of this formula in preference to those using the length of the prostate is supported by the difficulty of accurately measuring the latter. The measurement of cephalocaudal distance is sometimes technically difficult, as the junction histological grade, several cores should be between the prostatic apex and distal urethra is frequently strategic TRUS-guided biopsies at known sites of anatom- Because of the major impact of prostate cancer on national healthcare and the lack of accurate diagnostic , we that a significant improvement of the techniques for the detection of prostate cancer, such as computer analysis, will be of major clinical impor tance.
;rway to exact role of such an image analysis system. Finally, besides the current applications of ultrasound in the diagnosis and treatment of prostate diseases, further developments, e.g. temperature measurements using ultrasound tech niques [64] , will broaden the scope of the applications of ultrasound. We conclude that, although there are limitations and restrictions for each of the various applications, thus far TRUS is unmatched as an imaging modality because it is versatile, easy to apply and cost-effective.
